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SPECIFICATION 

IMPROVEMENTS RELATING TO PUMPING 

This invention relates to a pump particularly, 
although not exclusively, suitable for inclusion in 
5 wave energy conversion apparatus. 

In accordance with the present invention there 
is provided a pump comprising a length of hose 
end closures to which opposite ends of the how 
are connected in afluid-tight manner fluid inlet 
10 and outlet means communicating with the hose 
interior and means for producing relative 
movement between the end closures so as to vary 
die internal volume of the hose, wherein the hose 
is reinforced by a substantially inextensible rem- 
1 5 forcement wound helically about the hose and 
arranged so that when the end closures are . 
relatively moved to reduce the internal volume of 
the hose fluid within the hose is subject to a con- 
stricting action of the reinforcement on the hose. 
20 The reinforcement preferably comprises a 
multi-filament strand or parallel multi-filament 
strands of high modulus materia^ for example a 
Youngs Modulus of at least 1 x 10 s lb an 1 . Examples 
if suitable strand material are steel, nylon, cotton, 
25 polyester, glass fibre or Kevlar. The reinforcement 
maybe constituted by a weftless cord fabric layer, 
i.e. one having in the weft direction only a few 
threads interwoven with the warp cotds to 
facilitate handling. 
30 The reinforcement is preferably secured at 
opposite ends thereof to the end closures and may 
be united to the hose. The hose length may be of 
resilient material in which the reinforcement is 
embedded. , . 

15 The pump is advantageously incorporated in 
wave energy conversion apparatus comprising two 
interconnected members adapted to undergo 
relative movement underthe influence of waves in 
water in which the members are placed, the length 
40 of hose being connected at its opposite ends to the 
respective members so as to be distorted and 
relaxed in response to relative movement of the 
members, and water inlet and outlet means being 
provided communicating within the interior of the 
45 hose length and controlled by respective non- 
return valves.the arrangement being such that the 
internal volume of the hose length varies as it is 
distorted and relaxed and such that when the hose 
length is relaxed it will tend to draw water through 
50 the inlet, the outlet being closed by the non-return 
valve therein, and when the hose length is 
distorted it will tend to expel water from its 
interior through the outlet, the inlet being closed 
by the non-return valve therein. 
55 Said members may be flotation members which 
are hinged together for relative angular movement 
under the influence of waves m water in which 
they float and the hose length may have fluid-tight 
end closures fast with the respective flotation 
60 members, at least one of which end closures is 
penetrated by said inlet and outlet means. In this 
arrangement the hose length and the end closures 
mav he. substantially coaxial with said hmfie. the 



arrangement being such that relative angular 
65 movements of said members twist and untwist the 

h °5 ^constructions in which the hose length is 
to be subject to torsional forces the reinforcement 
is preferably an unbalanced reinforcement 

70 arranged to be wound up to constrict the hose 
length in the pumping mode of operation o the 
pump.Byan"unbalanced"reinforcementis 
meant one which consists of strand wound in one 
sense only about the hose, so that there is no 

75 opposite helix which will undergo an opposite 

tW The unwinding of the unbalanced ni^nni 
during the suction mode of operation of the pump 
tends to increase the internal volume of the hose 
80 lengthandisnotopposedbyanoppositelywound 

^"arrangements in which the hose is subjected 
to torsion the unbalanced reinforcement 
preferably has a helix angle m the unstressed I 
R5 condition of the hose in the range 40 -60 ana 
preferably in the region of 55°44\ By the "helix 
ang e" of a reinforcement is meant the acute ang e 
formed between a tangent to the helix and its axis. 

90 transverse to and spaced from the ; axis of md 
hinge, the arrangement being such that relative 
angular movement of said members causes 
longitudinal tensioning and relaxation of the hose 
95 len ifietanotherembodimentoftheinventionone 
95 of said members may be of greater buoyancy than 
the other or o ne of said members may be buoyant 
in water and the other adapted to he upon or be 
fixed to ground beneath water in which the 
100 apparatus is placed, so that relative movement 
100 D KensJmemberscausedbywaveswiUcause 
tensioning and relaxation of the hose length. 

In arrangements such as those of the two 
preceding paragraphs in which the hose is 
i ns subjected to tension but not torsion tne 
10 eiScement is preferably a balanced structure 
comprising strands oppositely helically wound 
about the hose length, the arrangement being such 
that the helix angle of each strand is reduced when 
1 10 the hose is tensioned so that the strand applies a 
U0 constricting force to the hose. During relajatjonof 
the hose length the tendency of the o Wjg*. 
wound strands to return to equilibrium helix angles 
is utilised to tend radially to expand the hose 
1 1 5 length and increase its internal volume. In 

balLced reinforcement structures the helix angle 
of each strand is preferably less than 50° and is 
preferably in the range 1 5°— 50 . 
Preferred embodiments of the invention will 
120 now be described with reference to the 

accompanying diagrammatic drawings, m which- 
Figures 1 and2 are plan views of two different 
forms of pump applied to similar wave energy 
U5 C T^3"X~n d ofa,hirdcmbod i men,of 
the invention. < 

The wave energy conversion apparatus 
illustrated in Figure 1 comprises two flotation 



ESS? 7^1 10 ^ d 1 1 Which ■» VbnUOy 
SSSS" 86 Cd ? r fe atiVe an * uIar movement 
abo ut the axis * by suitable bearings (not shown) 
passing between adjacent arms l 2 ind 13 andH 
5 ^ISoftherafe.TheratolOandlllreThown 
only m part and not in detail as their precise 
.configuration is immaterial to the present 
mvntum.II .is believed sufficient to say that they 
are designed to float in the water and maintain L 

visible in the drawing are approximately parallel 
with the. surface of the water and the axis * is 
jowtelytoizontal, The dimensions of the 
15 e^L^ dapted t0 Ae Si2e 0f wave wh ich they are 
S? d t0 enc . ount er in use, the intention being 
that waves moving relative to the rafts in a 

2ftc C l° n ^T™ 1 .** t0 the 3x18 * will hinge the 
rafts about the axis x as it rises and falls between 

20 wfi S Md ° f the waves - accordance 
«2ni\ Pr r entinVention a'engthof hose 16 
or me rait 10. The hose makes a water-tieht sea! 
SiS? C0SU - r t S I7and 18 whichiefaft 6 

25 S3? 1Vdy Mth arm 13 and arm the effect of 

25 ^angem e nt^ 

taSS&S 1 f' w ^ ch >8^ra«y coaxial therewfth, 
u i subject to torsion forces through the counter- 

vSon nf S acc t ordance with the invention this 
S" f the ""ernal volume of the hose length 
16 is used to pump water through it. To achieve 

35 Str„nSl Cl0SUre I8is P^^atedbyanmle?19 
controlled by a non-return valve 20 and the end 

corroU e Hh S v Penetrated by ™ 0utlet 21 
controlled by a non-return valve 22. A flexible nine 

40 ™ ta J 0 °P enmg 24 and a flexible pipe 25 

S^ 1C ftf S the outIet 21 wft h a reservoir (not 
JXS-** the P um P ed wa ^« in the ulusteated 
embodiment tfa a main hydraulic pipeline 26 
which is suitably also flexible. * 

45 ouS^f^ 

sim W i he "PP*"*™ ^own with other, 
similar ^apparatus (not shown) discharging to the 

maTfo™ n a °^f 0 r eXan J pIe 1,16 two rafts ^ 
SuSS l 3 unear iy-extended series of 
50 S t« S ? S , by piVOtall y connecting another 
50 raft to the end of one or both of the rate W and i 1 
which is not visible in the drawing, soTha^ 1 1 

SffiSFK ° f the SBrieS to ^'ame 

serie Sl2 A ^. shown, or the 

55 Sf Ji descnbed . ca « also be combined 
t J l - e \ n0Q : paraUel arrangements or 
For Hife Cha / gl, ? g <° the same re ^rvoir. 
Li If rent , pairs of rafts t0 nave their 
SJniiS 1 UtUa J artic nlation non-parallel will 



from sea water. 

In accordance with a preferred feature of the 
invention the length of hose 16 is of resilient 
material, such as rubber, and has an unbalanced 
70 reinforcement.27intheformofastrand,or 
parallel strands, of inextensible material such as 
steel, nylon, cotton, polyester or glass fibre wound 

form of'nf 7,2? h T l6 ' A r cinVorcemenS 
™ £ e n f allel strands may be provided by a weft- 
75 less cord f abr ,c layer in which the warp strands are 
held together by a few interwoven weft threads for 
ease of handling. The reinforcement 27 is secured 
at opposite ends of the hose to the end closures 17 
and 18 and may be embedded in or otherwise 
80 secured to the hose length intermediate its ends. 
SS !Z m l°™ m ** 27 * "unbalanced" in the sense 

about t 6 h he h IlX * °, r i he Parallel helices ' are wound 
about the hose 16 in one sense only, such that the 

iSf/fSFJ UP i • COflStrict the hose when th « 
85 hose is twisted and is unwound as the hose 

untwists. During untwisting of the hose the 
unwinding reinforcement will tend to expand the 
thela^ZT^A^ expansion force on 
on ' b ? * l hould be borne mind that in the 

90 suction mode of operation of the pump it lifts 
water only a short distance, the pump 16 being 

the SI 1 1 5 e £ Umpmg mode of aeration, on 
o< 25 v 7 hand ' mext ensible reinforcement 27 
95 positively constricts the hose 16 and prevents it 

exerted on water in the hose capable of passing it 
along what may be a lengthy pipehne 26 to a 
reservoir which may be at a greater elevation 
100 above the pump 16 that the latter is above the 
water level. 

2?Ti l SS ref T ed . helk angle a of reinforcement 
27 in the embodiment of Figure 1 is 55°44' or „t 

105 

105 constricting action and little resistance to 
unwinding. 

fi h^ h - e «^ emat j, Ve eDlbo <"ment of the invention 

i m 5j * ^ e arran S ed transversely to and 
S C f d / romtheaxisjc aboutwhichtworafts I0A 
Su w ff e A P iV0ta "y interconnected. The rafts 
10A and 1 1 A resemble the rafts 10 and 1 1 of 
Sj. exc f ept that their adjacent sides have 
upst^mngformations28and29 b etweenwhich 

each ho'seTeS 1 ,^ ^ ° p P 0site ends °f 
each hose length 16A having water-tight end 
closures 17Aand 18A which are pivotally 
connected to the respective formations 28 and 29 

120 28 S»? 5 ^ t • ° tatab,e in the formati o^ 
raft?10Akn^ 

£S? i A , Dd ilAwndeitwill extend or relax the 
bSd « Wnk 0 gltUdiDal,y wUI not cause them to 

« « lenTf Ik f 6 ^"i 008 30 associated with each hose 
1 25 length 16A are non-return valves 20A and 22A 
which control passages 19A and 21 A respectively 
SEE? closures 17A and IsSST 
Placing the interior of each hose length 16A in 

130 lme 23A and a common discharge line 26A. The 
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- iniPt line 23A has a weighted and filtered 

10 mutually pivotted about axes parallel or trans 
verse to the axis x. . p . t eac h hose 

Unlike the hose length 16 in figure , 

Sectoring and the non-return valves 22A 

jt, nutlet 21 B closes and that in the miei \yo 

„0 19B. In this embodiment the inlet 19B 

water level, so that a sinker is unnecessary The 



I Jflh I6A in the embodiment of Figure 3 by 
Sive movement between members 32 and 33 

75 imply oring "^toSt*- « 

.sssi^Sd 

For the reinforcements 27 or 31 I » " hs 
constricting force on the "^J^fflbe 

^rh™iengtbd«ri» g .h«™^onm^eof 
miv be agisted by an internal spring, suitably a 

end closures 17A, ISA or 17B, 18B. 



^Apump comprising a length of hose, end 
,« S hose is subject to a constricting action of the 



modulus. 

3. A pump as claimed in claim 2 wherein th*. 

w b. a pump as claimed h claim 5 wherein luT 
7. A pump as claimed in any orecerfina „i . 

■mwm 



the intl° P . era f i0n ° f the P um P te "ds to increase 
the internal volume of the hose length. 

wheretnTH- " in daim 10 or cl * m 1 1 

I JJi^P**^ 38 clairaed in 8 wherein the hose 
length : B arranged transverse to and spaced from the 

Studinfl S ™ veraent °f said members causes 
longuudmal tens,omngand relaxation of the hose 

15 Apparatus as claimed in claim 7 wherein on* 

beneath water in which the apparatus is Dkced «, 

2? 'hk 1Ve m0Veraent betJeSZmbZs 
caused by waves wiU cause teiisioning^nd 
80 relaxationofthehoselength S 

1 7. Apparatus as claimed in any one of claim* 

strand Inn 6 h ° S< T 18 tensi °ned so that the 
theLi P S US f aSCl , aimedin claim I7w «erem 

90 ^xiawsjjsw 

of the oppositely wound strands to reiura to X 

^eTlu^ 
100 dXni FlgUre2 ° rF,gUre3 ° f acc ^panying 

*»hL W ? V Z ene !" gy version apparatus 
substantially as hereinbefore described with 
reference to and as illustrated in SnmTiL™ <> 
or F Ig ure 3 of the accompan^ng dSgs.^ 2 



